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(57) ABSTRACT

A hybrid processing apparatus outputs current position data,
indicating a current position of a movable body, on the basis
of self-contained positioning data from a self-contained
positioning apparatus (10) and GPS measurement data from
a GPS receiver (18). In the hybrid apparatus, a judging
device (20) judges whether or not an estimated error of the
self-contained positioning data 1s greater than a predeter-
mined threshold value. A first calculation device (20) cal-
culates the current position by combining the GPS measure-
ment data with the self-contained positioning data or a
second calculation device (20) calculates the current posi-
tion without combining the GPS measurement data, depend-
ing upon a judgment result of the judging device.

13 Claims, 4 Drawing Sheets
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HYBRID PROCESSING METHOD AND
APPARATUS, NAVIGATION SYSTEM,
PROGRAM STORAGE DEVICE AND

COMPUTER DATA SIGNAL EMBODIED IN
CARRIER WAVE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention generally relates to a hybrid pro-
cessing method and apparatus. In the hybrid processing
method, a self-contained or built-in positioning method
using a vehicle speed sensor, a gyro sensor or the like, 1s
combined with a GPS (Global Positioning System) method
of positioning or measuring a current position of a movable
body on the basis of radio waves from GPS satellites.
Similarly, in the hybrid processing apparatus, a self-
contained or built-in positioning apparatus using a vehicle
speed sensor, a gyro sensor or the like, 1s combined with a
GPS apparatus. The present invention also relates to a
navigation system including the above-mentioned hybrid
processing apparatus, a program storage device and a com-
puter data signal embodiment 1n a carrier wave, which allow
a computer to function as the hybrid processing apparatus.

2. Description of the Related Art

Nowadays a navigation system of a movable body such as
a vehicle, an airplane, a ship or the like generally performs
various types of hybrid processing, in which the self-
contained positioning measurement using a vehicle speed
sensor, a gyro sensor or the like, 1s combined with the GPS
measurement 1 one way or another.

For example, Japanese Patent Application Laying Open
NO. Hei1 10-307036 discloses such a technique that an error
correction 1s performed with respect to acceleration data,
drive distance data, advance azimuth data or the like as
self-contained positioning data, on the basis of GPS mea-
surement.

Moreover, as for the GPS measurement, a current position
1s calculated independently, for example, every one or two
seconds. Thus, there 1s such a technique to estimate or
predict the current position, which 1s to be calculated next
fime 1.e., for the n+1-th time, by virtue of a Kalman filter, a
position filter or the like with using the current position
calculated this time 1.e., for the n-th time as a standard, and
to thereby perform an error correction based on this esti-
mated or predicted position with respect to the current
position, which i1s actually calculated for the n+1-th time.
Accordingly, the corrected current position can be calculated
with a higher accuracy.

By the way, the radio wave from the GPS satellite may
have other paths to go through to the GPS receiver after
reflecting on the surface of a huge building or the like once
or more times, 1n addition to the path to go direct to the GPS
receiver, especially around the huge building such as a
skyscraper, a high-rise building, or the like. This
phenomenon, under which the radio waves are received at
the same time through a plurality of radio wave paths from
the one 1dentical GPS satellite, 1s called as a “multi-path”.
When the multi-path 1n this kind 1s generated, the accuracy
of the GPS measurement deteriorates. Namely, the GPS
measurement has such a disadvantage that the generation of
the multi-path certainly deteriorates a positioning accuracy.

On the other hand, as for a self-contained sensor such as
a gyro sensor or the like as described above, it has a big start
drift when switching on a power. Then, if, for example, the
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start drift of a gyro sensor occurs, an angle 1s calculated with
deviation. Therefore, a specification of a gyro sensor or the
like describes that the error of its output increases for a
predetermined period such as 10 min or 15 min after
starting. Consequently, there 1s concern that the accuracy of
the GPS measurement deteriorates more 1f the output of the
self-contained sensor 1s reflected to the GPS measurement
within this predetermined period after starting.

However, there 1s such a problem that, if the accuracy of
the GPS measurement deteriorates by the generation of the
multi-path as described above for 10 min or 15 min after
starting, the positioning accuracy by the hybrid based on the
GPS measurement data deteriorates similarly.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a hybrid processing method and apparatus, which can mea-
sure a position with a relatively high accuracy after starting
including just after starting a navigation system, an
on-vehicle navigation system including the above-
mentioned hybrid processing apparatus, as well as a pro-
oram storage device and a computer data signal embodiment
in a carrier wave, which allow a computer to function as the
hybrid processing apparatus.

The above object of the present invention can be achieved
by a hybrid processing method of outputting current position
data, which indicate a current position of a movable body on
which a self-contained positioning device and a GPS device
are mounted, on the basis of self-contained positioning data
from the self-contained positioning device and GPS mea-
surement data from the GPS device, the method provided
with: a judgment process of judging whether or not an
estimated error of the self-contained positioning data is
oreater than a predetermined threshold value; a first calcu-
lation process of calculating the current position by com-
bining the GPS measurement data with the self-contained
positioning data if the estimated error 1s judged not greater
than the predetermined threshold value; a second calculation
process of calculating the current position from the GPS
measurement data without combining the GPS measurement
data with the selt-contained positioning data if the estimated
error 1s judged greater than the predetermined threshold
value; and an output process of outputting the current
position calculated by the first or second calculation process
as the current position data which indicate the current
position of the movable body.

According to the hybrid processing method of the present
invention, such a judgment i1s performed by a judgment
process that whether or not an estimated or predicted error
of the self-contained positioning data 1s greater than a
predetermined threshold value. This kind of estimated or
predicted error may be calculated by the self-contained
positioning device and may be outputted together with the
self-contained positioning data. Alternatively, 1t may be
calculated on the basis of the self-contained positioning data
outputted from the self-contained positioning device. The
predetermined threshold value 1s individually and concretely
determined depending on the each specification of the
self-contained positioning devices or the like experientially,
experimentally, theoretically, or simulationally etc. It may
be a fixed value or a variable value depending on an actual
operational condition. Then, the current position 1s calcu-
lated by the first calculation process by combining the GPS
measurement data with the self-contained positioning data 1f
the estimated error 1s judged not greater than the predeter-
mined threshold value. Namely, if the estimated error 1s to
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some degree small even after starting the navigation system,
including just after starting the navigation system, the start
drift of the self-contained positioning data i1s relatively
minor. Accordingly, when combining the self-contained
positioning data with the GPS measurement data, the action
or eifect of restraining the accuracy deterioration due to the
multi-path etc., in the GPS measurement data by virtue of
the self-contained positioning data becomes superior to the
action or effect of deteriorating the measurement accuracy
due to the start drift. Therefore, in this case, 1t can effectively
prevent the accuracy of such a finally outputted current
position from being degraded due to the deterioration of the
GPS measurement accuracy by the multi-path or the like by
calculating the corrected current position as combining the
GPS measurement data with the selt-contained positioning
data 1 the first calculation process.

On the other hand, the current position 1s calculated by the
second calculation process by the GPS measurement data
without combining the GPS measurement data with the
self-contained positioning data 1f the estimated error 1is
judged greater than the predetermined threshold value.
Namely, if the estimated error 1s to some degree consider-
able after starting the navigation system, including just after
starting the navigation system, the start drift of the seli-
contained positioning data 1s considered relatively large.
Accordingly, when combining the self-contained position-
ing data with the GPS measurement data, the action or effect
of deteriorating the measurement accuracy due to the start
drift becomes superior to the action or effect of restraining
the accuracy deterioration due to the multi-path etc., in the
GPS measurement data by virtue of the self-contained
positioning data. Therefore, 1n this case, i1t can effectively
prevent the accuracy of such a finally outputted current
position from being degraded due to the deterioration of the
self-contained positioning accuracy by the start drift, by
calculating the current position only from the GPS measure-
ment data in the second calculation process.

As a result, 1t 1s possible to measure or position with a
relatively high accuracy by the hybrid processing even after
starting the navigation system, 1ncluding just after starting
the navigation system.

In one aspect of the hybrid processing method, estimated
error data, which indicate the estimated error, are outputted
from the self-contained positioning device and the judgment
process performs the judgment on the basis of the estimated
error data.

According to this aspect, the estimated error data are
outputted from the self-contained positioning device 1n real
time. This 1s done by the similar or the same software
processing or the like as that of a built-in microcomputer of
a gyro sensor for outputting the estimated error data, which
are traditionally used for decision of an object range of map
matching or for a standard of how urgent an error correction
to the self-contained positioning measurement result 1s, for
example. Consequently, the judgment based on the esti-
mated error data in the judgment process can be relatively
casily performed on the basis of the estimated error data
outputted 1n real time from the self-contained positioning
device.

Alternatively, 1n another aspect of the hybrid processing
method, the method 1s further provided with an estimated
error calculation process of calculating the estimated error
on the basis of the self-contained positioning data.

According to this aspect, even 1f the self-contained posi-
tioning device 1s not provided with a function of outputting
the estimated error data, it 1s possible to calculate the
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estimated error on the basis of the self-contained positioning
data or the like from the self-contained positioning device,
by the estimated error calculation process. If using the
estimated error as calculated above, it 1s possible to perform
the judgment 1n the judgment process relatively easily and
surely.

In another aspect of the hybrid processing method, the
first calculation process (1) calculates the n-th measurement
position from the GPS measurement data outputted for the
n-th time (n is a natural number) by the GPS device, (i1)
estimates the n+1-th measurement position as an estimated
position depending on the self-contained positioning data
with using the n-th measurement position as a standard, (iii)
calculates the n+1-th measurement position from the GPS
measurement data outputted for the n+1-th time by the GPS
device, and (iv) performs an error correction based on the
estimated position with respect to the n+1-th measurement
position, to thereby calculate the n+1-th corrected measure-
ment position as the current position, and the second calcu-
lation process (v) calculates the n-th measurement position
from the GPS measurement data outputted for the n-th time
by the GPS device, (vi) estimates the n+1-th measurement
position as an estimated position depending on the GPS
measurement data with using the n-th measurement position
as a standard, (vii) calculates the n+1-th measurement posi-
fion from the GPS measurement data outputted for the
n+1-th time by the GPS device, and (vii1) performs an error
correction based on the estimated position with respect to
the n+1-th measurement position, to thereby calculate the
n+1-th corrected measurement position as the current posi-
fion.

According to this aspect, the n-th measurement position 1s
calculated from the GPS measurement data outputted for the
n-th time (i.e. previous time) in the first calculation process,
if the estimated error 1s judged not greater than the prede-
termined threshold value by the judgment process. Then, the
n+1-th measurement position 1s estimated as an estimated
position depending on the self-contained positioning data
such as a vehicle speed sensor, a gyro sensor, or the like with
using the n-th measurement position as a standard. This
estimation 1s performed by using a position filter, a Kalman
filter, or the like, which are well known to the art. Then, the
n+1-th measurement position 1s calculated from the GPS
measurement data outputted for the n+1-th time (i.e. current
time) by the GPS device. Moreover an error correction based
on the estimated position estimated by using the above-
mentioned Kalman filter or the like 1s performed with
respect to the n+1-th measurement position and the n+1-th
corrected measurement position 1s calculated as the current
position.

On the other hand, if the estimated error 1s judged greater
than the predetermined threshold value by the judgment
process, the n-th measurement position i1s calculated from
the GPS measurement data outputted for the n-th time (i.e.
previous time) in the second calculation process. Then, the
n+1-th measurement position 1s estimated as an estimated
position depending on the GPS measurement data (e.g. the
GPS measurement data which are outputted for the n-th
time, for the n—-1-th time, for the n-2-th time, . . . , and which
are stored in a memory or the like) with using the n-th
measurement position as a standard. This estimation 1is
performed by a Kalman filter which 1s well known to the art.
Then, the n+1-th measurement position i1s calculated from
the GPS measurement data outputted for the n+1-th time
(i.e. current time). Moreover, an error correction based on
the estimated position estimated by using the above-
mentioned Kalman filter or the like 1s performed with
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respect to the n+1-th measurement position, and the n+1-th
corrected measurement position 1s calculated as the current
position.

Consequently, according to this aspect, it 1s possible to
measure or position with a relatively high accuracy by the
hybrid processing, by using the GPS measurement data in
estimating the estimated position if the estimated error of the
self-contained positioning data 1s relatively large while by
using the self-contained positioning data 1n estimating the
estimated position if the estimated error of the self-contained
positioning data 1s relatively small.

In another aspect of the hybrid processing, the judgment
process performs the judgment before elapsing a predeter-
mined period from a time of switching on a power of the
self-contained positioning device and does not perform the
judgment after elapsing the predetermined period, and 1f the
judgment 1s not performed, the present position 1s calculated
by the first calculation process.

According to this aspect, the judgment by the judgment
process 1s performed if 1t 1s before elapsing a predetermined
pertod from a time of switching on a power of the self-
contained positioning device. Namely, the judgment process
1s performed under the condition that the error by the start
drift may be more or less generated. The judgment by the
judgment process 1s not performed if it 1s after elapsing the
predetermined period, and the current position 1s calculated
by the first calculation process. Namely, the judgment pro-
cess 1s not performed under the condition that the error by
the start drift 1s not generated, and the current position 1s
calculated by combining the self-contained positioning data
with the GPS measurement data by the first calculation
Process.

The above object of the present mnvention can be achieved
by a hybrid processing apparatus for outputting current
position data, which indicate a current position of a movable
body on which a self-contained positioning device and a
GPS device are mounted, on the basis of self-contained
positioning data from the self-contained positioning device
and GPS measurement data from the GPS device, the
apparatus provided with: a judgment device for judging
whether or not an estimated error of the self-contained
positioning data i1s greater than a predetermined threshold
value; a first calculation device for calculating the current
position by combining the GPS measurement data with the
self-contained positioning data 1f the estimated error is
judged not greater than the predetermined threshold value; a
second calculation device for calculating the current position
from the GPS measurement data without combining the GPS
measurement data with the self-contained positioning data it
the estimated error 1s judged greater than the predetermined
threshold value; and an output device for outputting the
current position calculated in the first or second calculation
device as the current position data which indicate the current
position of the movable body.

According to the hybnid processing apparatus of the
present invention, such a judgment 1s performed by a
judgment device.that whether or not an estimated error of
the self-contained positioning data 1s greater than a prede-
termined threshold value. Then, the current position 1is
calculated by the first calculation device by combining the
GPS measurement data with the self-contained positioning
data 1f the estimated error 1s judged not greater than the
predetermined threshold value. Namely, in this case, 1t can
elffectively prevent the accuracy of such a finally outputted
current position from being degraded due to the deteriora-
tion of the GPS measurement accuracy by the multi-path or
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the like, by calculating the correct current position while
combining the GPS measurement data with the self-
contained positioning data in the first calculation device.

On the other hand, the current position 1s calculated by the
second calculation device by the GPS measurement data
without combining the GPS measurement data with the
self-contained positioning data 1f the estimated error 1is
judged greater than the predetermined threshold value.
Namely, 1n this case, it can effectively prevent the accuracy
of such a finally outputted current position from being
degraded due to the deterioration of the accuracy of the
self-contained positioning measurement by the multi-path or
the like, by calculating the correct current position only from

the GPS measurement data 1n the second calculation device.

As a result, 1t 1s possible to measure or position with a
relatively high accuracy by the hybrid processing even after
starting the navigation system, including just after starting
the navigation system.

In one aspect of the hybrid processing apparatus, esti-
mated error data, which indicate the estimated error, are
outputted from the self-contained positioning device and the
judgment device performs the judgment on the basis of the
estimated error data.

According to this aspect, the estimated error data are
outputted from the self-contained positioning device 1n real
time by the similar or the same software processing or the
like as that of a built-in microcomputer of a gyro sensor, for
example. Consequently, the judgment based on the esti-
mated error data 1n the judgment process can be relatively
casily performed.

Alternatively, 1n another aspect of the hybrid processing
apparatus, the apparatus i1s further provided with an esti-
mated error calculation device for calculating the estimated
error on the basis of the self-contained positioning data.

According to this aspect, even 1if the self-contained posi-
tioning device 1s not provided with a function of outputting
the estimated error data, it 1s possible to calculate the
estimated error on the basis of the self-contained positioning
data or the like from the self-contained positioning device by
the estimated error calculation device. If using the estimated
error as calculated above, 1t 1s possible to perform the
judgment 1n the judgment device relatively easily and surely.

In another aspect of the hybrid processing apparatus, the
first calculation device (1) calculates the n-th measurement
position from the GPS measurement data outputted for the
n-th time (n is a natural number) by the GPS device, (ii)
estimates the n+1-th measurement position as an estimated
position depending on the self-contained positioning data
with using the n-th measurement position as a standard, (ii1)
calculates the n+1-th measurement position from the GPS
measurement data outputted for the n+1-th time by the GPS
device, and (iv) performs an error correction based on the
estimated position with respect to the n+1-th measurement
position, to thereby calculate the n+1-th corrected measure-
ment position as the current position, and the second calcu-
lation device (v) calculates the n-th measurement position
from the GPS measurement data outputted for the n-th time
by the GPS device, (vi) estimates the n+1-th measurement
position as an estimated position depending on the GPS
measurement data with using the n-th measurement position
as a standard, (vii) calculates the n+1-th measurement posi-
fion from the GPS measurement data outputted for the
n+1-th time by the GPS device, and (vii1) performs an error
correction based on the estimated position with respect to
the n+1-th measurement position, to thereby calculate the
n+1-th corrected measurement position as the current posi-
tion.
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According to this aspect, the n-th measurement position 1s
calculated from the GPS measurement data outputted for the
n-th time (1.e. previous time) in the first calculation device,
if the estimated error 1s judged not greater than the prede-
termined threshold value by the judgment device. Then, the
n+1-th measurement position 1s estimated as an estimated
position depending on the self-contained positioning data
such as a vehicle speed sensor, a gyro sensor, or the like with
the n-th measurement position as a standard. Then, the
n+1-th measurement position 1s calculated from the GPS
measurement data outputted for the n+1-th time (i.e. current
time) by the GPS device. Moreover an error correction based
on the estimated position 1s performed with respect to the
n+1-th measurement position, and the n+l1-th corrected

measurement position 1s calculated as the current position.

On the other hand, 1f the estimated error 1s judged greater
than the predetermined threshold value by the judgment
process, the n-th measurement position i1s calculated from
the GPS measurement data outputted for the n-th time (i.e.
previous time) in the second calculation process. Then, the
n+1-th measurement position 1s estimated as an estimated
position depending on the GPS measurement data with using
the n-th measurement position as a standard. Then, the
n+1-th measurement position 1s calculated from the GPS
measurement data outputted for the n+1-th time (i.e. current
time). Moreover, an error correction based on the estimated
position 1s performed with respect to the n+1-th measure-
ment position, and the n+1-th corrected measurement posi-
tion 1s calculated as the current position.

Consequently, according to this aspect, 1t 1s possible to
measure or position with a relatively high accuracy by the
hybrid processing, by using the GPS measurement data 1n
estimating the estimated position if the estimated error of the
self-contained positioning data is relatively large while by
using the self-contained positioning data 1n estimating the
estimated position if the estimated error of the self-contained
positioning data 1s relatively small.

In another aspect of the hybrid processing apparatus, the
judgment device performs the judgment before elapsing a
predetermined period from a time of switching on a power
of the self-contained positioning device and does not per-
form the judgment after elapsing the predetermined period,
and 1if the judgment 1s not performed, the present position 1s
calculated by the first calculation device.

According to this aspect, the judgment by the judgment
device 1s performed 1f it 1s before elapsing a predetermined
pertod from a time of switching on a power of the self-
contained positioning device. Namely, the judgment device
1s performed under the condition that the error by the start
drift may be more or less generated. The judgment by the
judgment device 1s not performed 1f 1t 1s after elapsing the
predetermined period, and the current position is calculated
by the first calculation device. Namely, the judgment device
1s not performed under the condition that the error by the
start drift 1s not generated, and the current position 1is
calculated by combining the self-contained positioning data

with the GPS measurement data by the first calculation
device.

The above object of the present mnvention can be achieved
by an on-vehicle navigation system provided with: the
above-mentioned hybrid processing apparatus of the present
invention (including its various aspects), the self-contained
positioning device and the GPS device, and a display device
for displaying the current position data outputted from the
output device on map data in a predetermined format.

According to this aspect of the on-vehicle navigation
system of the present invention, the self-contained position-
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ing data are outputted from the self-contained positioning
device and the GPS measurement data are outputted from
the GPS device. Then, these data are appropriately com-
bined depending on how considerable the estimated error of
the self-contained positioning data 1s by the above-
mentioned hybrid processing apparatus of the present inven-
tion and the current position data are outputted. Then, the
current position data are displayed on map data in a prede-
termined format by the display device. Therefore, 1t 1is
possible to display the highly accurate current position data
on a map even alter starting the navigation system, including
just after starting the navigation system.

The above object of the present invention can be also
achieved by a program storage device readable by a com-
puter. The program storage device stores a program of
instructions to cause the computer to function as at least one
portion of the above-described hybrid processing apparatus
of the present invention (including its various aspects).

According to the program storage device, such as a
CD-ROM, a ROM, a DVD, a floppy disk or the like, of the
present invention, the above described hybrid processing
apparatus of the present invention can be relatively easily
realized as a computer reads and executes the program of
instructions or as 1t executes the program after downloading
the program through communication device. Moreover, the
program of 1nstructions can be sent from a central device
with an application program required for the navigation or
other data such as a map.

The above object of the present invention can be also
achieved by a computer data signal embodied 1n a carrier
wave and representing a series of instructions for a com-
puter. The series of instructions causes the computer to
function as at least one portion of the above-described
hybrid processing apparatus of the present invention
(including its various aspects).

According to this computer data signal embodied in the
carrier wave ol the present invention, as the computer
downloads the program 1n the computer data signal through
a computer network or the like, and executes this program,
it 1s possible to realize the above described hybrid process-
ing apparatus of the present invention.

The nature, utility, and further features of this invention
will be more clearly apparent from the following detailed
description with reference to preferred embodiments of the
invention when read in conjunction with the accompanying
drawings briefly described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a structure of an
on-vehicle navigation system as a first embodiment of the
present 1nvention;

FIG. 2 1s a schematic diagram showing a multi-path 1n the
embodiment;

FIG. 3 1s a flow chart showing a hybrid processing method
in the first embodiment; and

FIG. 4 1s a flow chart showing a hybrid processing method
in a second embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the accompanying drawings, embodiments of
the present invention will be now explained.
(I) First Embodiment

At first, an on-vehicle navigation system in the {first
embodiment will be explained with reference to FIG. 1 to

FIG. 3.
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As shown 1n FIG. 1, the on-vehicle navigation system 1n
the first embodiment 1s provided with a self-contained
positioning apparatus 10, a GPS receiver 18, a system
controller 20, a CD-ROM drive 31, a DVD-ROM drive 32,
a display unit 40, an audio output unit 50, and an input
device 60).

The self-contained positioning apparatus 10 1s con-
structed to include an acceleration sensor 11, an angular
velocity sensor 12, and a velocity sensor 13. The accelera-
tion sensor 11, which has, for example, a piezoelectric
clement, detects an acceleration of a vehicle and outputs
acceleration data. The angular velocity sensor 12, which has,
for example, a vibration gyro, detects an angular velocity of
a vehicle when a direction of the vehicle 1s changed and
outputs angular velocity data and relative azimuth data.

The velocity sensor 13 detects the rotation of a vehicle
shaft mechanically, magnetically, or opftically and 1s con-
structed by a vehicle speed sensor, which generates a vehicle
speed pulse as a pulse signal at every rotation for a prede-
termined angle around the vehicle shatft.

The GPS receiver 18 1s a part to receive a radio wave 19.
The radio wave 19 carries the down link data including the
data for positioning and 1s from a plurality of GPS satellites
to be used for detection of an absolute position of a vehicle
by the information about latitude, longitude or the like.

The system controller 20 includes an interface 21, a CPU
(Central Processing Unit) 22, a ROM (Read Only Memory)
23 and a RAM (Random Access Memory) 24 and is con-
structed to control the whole navigation apparatus.

The 1nterface 21 performs an interface operation for the
acceleration sensor 11, the angular velocity sensor 12, the
velocity sensor 13, and the GPS receiver 18. Then from them
respectively, 1t inputs imto the system controller 20 the
acceleration data, the relative azimuth data, the angular
velocity data, GPS measurement data, absolute azimuth data
etc. 1n addition to the vehicle speed pulse. The CPU 22
controls the whole system controller 20. The ROM 23 has a
not-illustrated non-volatile memory where a control pro-
ogram etc. for controlling a system controller 20 1s stored.
The RAM 24 readably stores various types of data such as
route data, which are set 1n advance by a user through the
input device 60, and supplies a working area to the CPU 22.

The system controller 20, the CD-ROM drive 31, the
DVD-ROM dnive 32, the display unit 40, the audio output
unit 50, and the mput device 60 are mutually connected
through a bus line 30.

The CD-ROM drive 31 and the DVD-ROM drive 32,
under the control of the system controller 20, read a control
program corresponding to each embodiment described
below and various types of data such as road data etc.
including the number of traffic lane, road width, and the like
from a CD 33 and a DVD 34, respectively, and then output
them. Incidentally, 1t 1s possible to dispose either one of the
CD-ROM drive 31 and the DVD-ROM drive 32, and 1t 18
also possible to dispose a CD and DVD compatible drive.

The display unit 40, under the control of the system
controller 20, displays various types of display data. The
display unit 40 i1s provided with: a graphic controller 41,
which controls the whole display unit 40 on the basis of
control data transmitted from the CPU 22 through the bus
line 30; a buffer memory 42, which 1s constructed by a
memory such as a VRAM (Video RAM) etc. and tempo-
rarily memorizes immediately displayable 1image informa-
tion; a display control device 43, which controls of display
of a display device 44 such as a liquid crystal device, a CRT
(Cathode Ray Tube), or the like on the basis of image data
outputted from the graphic controller 41; and the display
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device 44. The display device 44 1s constructed by a liquid
crystal display device etc., on the order of 5 to 10 inches 1n
diagonal length for example and 1s installed around a front
panel 1nside the vehicle.

The audio output unit 50 is provided with: a D/A (Digital
to Analog) converter 51, which performs a D/A conversion
of the sound digital data transmitted through the bus line 30
from the CD-ROM drive 31, the DVD-ROM 32, or the
RAM 24 etc., under the control of the system controller 20;
an amplifier (AMP) 52, which amplifies a sound analog
signal outputted from the D/A converter 51; and a speaker
53, which converts the amplified sound analog signal to a
sound and outputs 1t into the vehicle.

The mput device 60 1s provided with a key, a switch, a
button, a remote controller, and so on, to 1nput various types
of commands and data. The 1nput device 60 1s installed
around the display device 44 or the front panel of a main
body of the on-vehicle navigation system, which 1s mounted
on the vehicle.

Now, a multi-path, which brings a degradation in the
accuracy of the GPS measurement, will be explained with
reference to FIG. 2.

As shown 1n FIG. 2, the radio wave from the GPS satellite
200 may have a reflected wave 19b, which goes through
another path to the GPS receiver 18 after reflecting once or
more times on the surface of a building 3004, 1n addition to
a direct wave 19a, which goes direct to the GPS receiver 18,
around the building 300z such as a skyscraper, a high-rise
building, or the like. As described above, when the direct
wave 19a and the reflected wave 19b are received at the
same time through a plurality of radio wave paths from the
identical GPS satellite 200z, 1.e. when the “multi-path” 1s
generated, an error occurs 1n time required for the direct
wave 19a and the retlected wave 195 coming to the GPS
receiver 18 mounted on a vehicle 118. Due to this error in
time, an error 1s induced in the pseudo-distance ri. If such a
multi-path 1s generated, the pseudo-distance based on the
direct wave 19a and the pseudo-distanced based on the
reflected wave 19b are irregularly and alternatively mea-
sured 1n general, so that the arrival time and the pseudo-
distance r1 are flickered or changed at a short cycle. Thus, the
accuracy of the GPS measurement deteriorates extremely.

Therefore, 1f calculating the current position data only
from the GPS measurement data, the multi-path, as shown 1n
FIG. 2, may adversely affect the current position data
heavily. Thus, if the time duration while calculating the
current position data 1s prolonged by combining the GPS
measurement data with the self-contained positioning data,
it 1s possible to decrease that kind of adverse effect of the
multi-path. Hereinbelow, this embodiment 1s constructed to
improve the accuracy of the current position data finally
obtained, by decreasing the adverse effect of the multi-path
or the like on the GPS measurement data. This 1s done by an
cfiective use of the self-contained positioning data even
within a certain period of time (e.g. 1 min, 5 min, 10 min,
15 min, etc.) just after starting when a start drift is generated,
1.., when an enormous error of the self-contained position-
ing data 1s supposed to be induced, 1n view of an apparatus
specification of the self-contained positioning apparatus 10.
Moreover, it 1s constructed to improve the accuracy of the
current position data finally obtained, by nonuse of the
self-contained positioning data if the adverse effect by the
start drift 1s considerable because the start drift of the
self-contained positioning data i1s actually enormous.

Namely, 1n FIG. 1, one example of the hybrid processing,
apparatus for outputting the current position data, which
indicate the current position of a vehicle on which the
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self-contained positioning apparatus 10 and the GPS
receiver 18 are mounted, on the basis of the self-contained
positioning data from the self-contained positioning appa-
ratus 10 and the GPS measurement data from the GPS

receiver 18 1s constructed by the system controller 20 1n the
first embodiment. Then, one example of the first and the
second calculation device for calculating the current position
selectively and one example of the output device for out-
putting the calculated current position by the first and the
second calculation device as the current position data, which
indicate the current position of the vehicle 118, are con-
structed by the system controller 20. Especially, 1t 1s con-
structed to calculate the current position from the GPS
measurement data without combining the GPS measurement
data with the self-contained positioning data 1n the case that
the estimated error 1s judged greater than a predetermined
threshold value and to calculate the current position by
combining the GPS measurement data with the seli-
contained positioning data in the case that the estimated
error 1S judged not greater than a predetermined threshold
value.

The first embodiment may be constructed as following.
Namely, the estimated error data which indicate the esti-
mated error used for a hybrid processing of the system
controller 20 1s calculated with respect to at least one of
various types of self-contained positioning data outputted
from the self-contained positioning apparatus 10 (e.g. sensor
output data from the angular velocity sensor 12 constructed
by a gyro sensor) by logically establishing the estimated
error calculation device 1n the system controller 20 by virtue
of a software and by performing a software operation which
1s the similar or the same as the one of the known seli-
contained positioning apparatus.

A hybrid processing method 1n the first embodiment as
well as the second embodiment as described below, 1s
intended to be executed mainly in the CPU 22, as shown 1n
FIG. 1, and 1s executed as one portion of a main navigation
program which controls the whole on-vehicle navigation
system to perform a navigation operation. Therefore, while
executing the main navigation system program, operations
shown 1n each flow chart of the embodiments are being
executed. Moreover, the computer program 1n this kind may
be stored 1in the ROM 23, the CD-ROM 33, or the DVD-
ROM 34, or may be downloaded into the RAM 24 or the like

through a communication device such as a modem, a cell
phone, or the like. Instead of or 1n addition to 1t, map data
etc., required for the navigation may be downloaded.

Next, a hybrid processing method 1n the on-vehicle navi-
gation system 1n the first embodiment as constructed above
will be explained with reference to a flow chart in FIG. 3.

In FIG. 3, once the hybrid processing is started, it 1s
judged whether or not a value of the estimated error of the
self-contained positioning data such as a gyro output or the
like 1s smaller than a predetermined threshold value on the
basis of the estimated error data inputted through the inter-
face 21 from the self-contained positioning apparatus 10
(step S11). This type of threshold value is individually and
concretely determined depending on the specification of the
velocity sensor 13, the angular velocity sensor 12, and the
acceleration sensor 11, experientially, experimentally,
theoretically, or simulationally etc. It may be a fixed value
or a variable value depending on an actual operational
condition of the navigation system. Moreover, a comparison
between the estimated error and this kind of threshold value
may be performed by a comparison between digital data,
between analog data, or between voltages.

As a result of the judgment 1n step S11, if the estimated
error value 1s judged smaller than a predetermined threshold
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value (step S11: YES), the current position is calculated by
combining the GPS measurement data with the self-
contained positioning data 1.e., by giving feedback of an
integrated value of the self-contained positioning data to a
calculation of the GPS measurement data. More concretely,
the n-th positioning or measurement position 1s calculated
from the GPS measurement data outputted for the n-th time
(i.c. previous time), for example. Then, the n+1-th measure-
ment position 1s estimated as an estimated position by using
a Kalman filter or a position {filter in response to the
self-contained positioning data of the velocity sensor 13, the
angular velocity sensor 12 and the acceleration sensor 11,
with using the n-th measurement position as a standard.
Then, the n+1-th measurement position 1s calculated from
the GPS measurement data outputted for the n+1-th time
(i.e. current time). Moreover, an error correction based on
the estimated position estimated by using a Kalman filter or
a position filter as described above 1s performed with respect
to the n+1-th measurement position, and the n+1-th cor-
rected measurement position 1s calculated as the current
position (step S12).

On the other hand, as a result of the judgment 1n step S11,
if the estimated error value 1s judged not smaller than a
predetermined threshold value (step S11: NO), the current
position 1s calculated only from the GPS measurement data
without giving the feed back of the itegrated value of the
self-contained positioning data to the calculation of the GPS
measurement data. More concretely, the n-th positioning or
measurement position 1s calculated from the GPS measure-
ment data outputted for the n-th time (i.e. previous time), for
example. Then, the n+1-th measurement position 1s esti-
mated as the estimated position by using a Kalman filter or
a position filter 1n response to the GPS measurement data
which are outputted, for example, for the n-th time, for the
n-1-th time, for the n-2-th time, . . . , with the n-th
measurement position as a standard and which are stored in
a memory or the like. Then, the n+1-th measurement posi-
tion 1s calculated from the GPS measurement data outputted
for the n+1-th time (i.e. current time). Moreover, the error
correction based on the estimated position estimated by
using a Kalman filter or a position filter as described above
1s performed with respect to the n+1-th measurement
position, and the n+1-th corrected measurement position 1s
calculated as the current position (step S13).

Furthermore, even after starting the navigation system,
including just after starting the navigation system, the coor-
dinates of the current position of the vehicle 118 calculated
by the hybrid processing with a relatively high accuracy 1s
displayed on a display map at the display device 44 (refer to
FIG. 1) as the current position data.

In the first embodiment, as described above, if the esti-
mated error 1s to some degree small even after starting the
navigation system, including just after starting the naviga-
tion system, 1t can effectively prevent the accuracy of such
a finally outputted current position from being decreased due
to the deterioration of the GPS measurement accuracy by the
multi-path or the like by combining the GPS measurement
data with the self-contained positioning data 1.€., giving the
feedback of the integrated value of the self-contained posi-
tioning data to the calculation of the GPS measurement data
at the step S12. Moreover, 1f the estimated error 1s to some
degree considerable after starting the navigation system,
including just after starting the navigation system, it can
cllectively prevent the accuracy of such a finally outputted
current position from being decreased due to the deteriora-
tion of the self-contained positioning measurement accuracy
by the start drift by calculating the current position only
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from the GPS measurement data without giving the feed-
back of the integrated value of the self-contained positioning,
data to the calculation of the GPS measurement data at the
step S13.

As a result, according to the first embodiment, it 1s
possible to measure or position with a relatively high
accuracy by the hybrid processing even after starting the
navigation system, mncluding just after starting the naviga-
tion system.

(IT) Second Embodiment

Next, the second embodiment of the present invention
will be explained with reference to FIG. 4. FIG. 4 15 a flow
chart showing a hybrid processing method i1n the second
embodiment. Incidentally, the hardware structure in the
second embodiment 1s the same as the one in the first
embodiment shown 1n FIG. 1. The same steps as those 1n
FIG. 3 carry the same step numerals and the detailed
explanations of them are omaitted.

In the second embodiment, it 1s constructed to judge
whether the estimated error value of the self-contained
positioning data i1s considerable or small before elapsing a
predetermined period from a time of switching on a power,
1.. while the start drift of the self-contained positioning data
1s generated, and it 1s constructed not to judge whether the
estimated error value of the self-contained positioning data
1s considerable or small after elapsing the predetermined
period, 1.e. after the start drift 1s finished. The other struc-
tures 1n the second embodiment are the same as those 1n the
first embodiment as described above.

Namely, in FIG. 4, 1t 1s firstly judged whether or not it 1s
before elapsing a predetermined time period from a time of
switching on a power of the self-contained positioning
apparatus 10 such as the angular velocity sensor 12 con-
structed by a gyro or the like with reference to a built-in
timer in the system controller 20 or the like (step S20). The
predetermined time period corresponding to an end of the
start drift of a gyro or the like i1n this kind may be, for
example, 1 min, 5 min, 10 min, 15 min, . . ., 1t 1s individually
and concretely determined depending on the respective
specifications of the velocity sensor 13, the acceleration
sensor 11, or the angular velocity sensor 12 constructed by
a gyro and further depending on the positioning accuracy or
the like required in the navigation system and for perfor-
mance ol the GPS receiver 18, experientially,
experimentally, theoretically, or simulationally etc. It may
be a fixed value or a variable value.

As aresult of the judgment 1n the step S20, 11 the start drift
of a gyro or the like is not finished (step S20: NO), the
operational flow moves forward to the step S11. On the other
hand, if the start drift of a gyro or the like is finished (step
S20: YES), the operational flow moves forward to the step
S12 and the same process as the one 1n the above-mentioned
first embodiment 1s performed subsequently.

Theretfore, according to the second embodiment, 1if 1t 1s
before elapsing a predetermined period from a time of
switching on a power of the angular velocity sensor 12 or the
like constructed by a gyro, 1.e. under such a condition that
an error may be more or less generated by the start drft, it
1s 1ntended to perform the judgment i1n the step S11.
Moreover, 1f 1t 1s after elapsing a predetermined period from
a time of switching on a power of the angular velocity sensor
12 or the like constructed by a gyro, 1.e. under such a
condition that an error by the start drift 1s not substantially
generated, 1t 1s intended not to perform the judgment 1n the
step S11, and the current position 1s calculated by combining
the self-contained positioning data with the GPS measure-
ment data.
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Consequently, according to the second embodiment, it 1s
possible to measure or position with a relatively high
accuracy by the hybrid processing even after starting the
navigation system, including just after starting the naviga-
fion system.

Each embodiment, as described above, 1s associated with
an on-vehicle navigation apparatus. However, the hybnd
processing method and the hybrid processing apparatus of
the present invention are not limited to this and are allowed
to be used for stably measuring or positioning a current
position of an arbitrary movable body such as an animal, a
human etc., who moves with the navigation apparatus, as
well as an airplane, a ship, or the like.

The mvention may be embodied 1n other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be con-
sidered 1n all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims rather than by the foregoing description and all
changes which come within the meaning and range of
cequivalency of the claims are therefore intended to be
embraced thereim.

The entire disclosure of Japanese Patent Application No.
2001-137805 filed on May 8, 2001 including the
specification, claims, drawings and summary 1s 1ncorporated
herein by reference 1n 1ts enfirety.

What 1s claimed 1s:

1. A hybrid processing method of outputting current
position data, which indicate a current position of a movable
body on which a self-contained positioning device and a
GPS device are mounted, on the basis of self-contained
positioning data from the self-contained positioning device
and GPS measurement data from the GPS device,

said method comprising:

a judgment process of judging whether or not an esti-
mated error of the self-contained positioning data 1s
oreater than a predetermined threshold value;

a first calculation process of calculating the current posi-
tion by combining the GPS measurement data with the
self-contained positioning data 1if the estimated error 1s
judged not greater than the predetermined threshold
value;

a second calculation process of calculating the current
position from the GPS measurement data without com-
bining the GPS measurement data with the self-
contained positioning data if the estimated error is

judged greater than the predetermined threshold value;
and

an output process of outputting the current position cal-
culated by said first or second calculation process as the
current position data which indicate the current position
of the movable body, wherein

said judgement process performs the judgement before
clapsing a predetermined period from a time of switch-
ing on a power of the self-contained positioning device,
and

if the judgement 1s not performed, the present position 1s

calculated by the first calculation process.

2. A hybrid processing method according to claim 1,
wherein estimated error data, which indicate the estimated
error, are outputted from the self-contained positioning
device and said judgment process performs the judgment on
the basis of the estimated error data.

3. A hybrid processing method according to claim 1,
further comprising an estimated error calculation process of
calculating the estimated error on the basis of the seli-
contained positioning data.
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4. A hybnid processing method according to claim 1,

wherein said first calculation process (1) calculates the
n-th measurement position from the GPS measurement
data outputted for the n-th time (n is a natural number)
by the GPS device, (11) estimates the n+1-th measure-
ment position as an estimated position depending on
the self-contained positioning data with using the n-th
measurement position as a standard, (iii) calculates the
n+1-th measurement position from the GPS measure-
ment data outputted for the n+1-th time by the GPS
device, and (iv) performs an error correction based on
the estimated position with respect to the n+1-th mea-
surement position, to thereby calculate the n+1-th cor-
rected measurement position as the current position,
and

said second calculation process (v) calculates the n-th
measurement position from the GPS measurement data
outputted for the n-th time by the GPS device, (vi)
estimates the n+1-th measurement position as an esti-
mated position depending on the GPS measurement
data with using the n-th measurement position as a
standard, (vii) calculates the n+1-th measurement posi-
tion from the GPS measurement data outputted for the
n+1-th time by the GPS device, and (vii1) performs an
error correction based on the estimated position with
respect to the n+1-th measurement position, to thereby
calculate the n+1-th corrected measurement position as
the current position.

5. A hybnd processing method according to claim 1,

wherein

said judgment process does not perform the judgment

after elapsing the predetermined period.

6. A hybrid processing apparatus for outputting current
position data, which indicate a current position of a movable
body on which a self-contained positioning device and a
GPS device are mounted, on the basis of self-contained
positioning data from the self-contained positioning device
and GPS measurement data from the GPS device,

said apparatus comprising:

a judgment device for judging whether or not an estimated
error of the self-contained positioning data 1s greater
than a predetermined threshold value;

a first calculation device for calculating the current posi-
tion by combining the GPS measurement data with the
self-contained positioning data if the estimated error 1s
judged not greater than the predetermined threshold
value;

a second calculation device for calculating the current
position from the GPS measurement data without com-
bining the GPS measurement data with the seli-
contained positioning data if the estimated error is
judged greater than the predetermined threshold value;
and

an output device for outputting the current position cal-
culated by said first or said second calculation device as
the current position data which indicate the current
position of the movable body, wherein

said judgement device performs the judgement before
clapsing a predetermined period from a time of switch-
ing on a power of the self-contained positioning device,
and

if the judgement 1s not performed, the present position 1s
calculated by the first calculation device.

7. A hybrid processing apparatus according to claim 6,

wherein estimated error data, which indicate the estimated
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error, are outputted from the self-contained positioning
device and said judgment device performs the judgment on
the basis of the estimated error data.

8. A hybrid processing apparatus according to claim 6,
further comprising an estimated error calculation device for
calculating the estimated error on the basis of the seli-
contained positioning data.

9. A hybrid processing apparatus according to claim 6,

wherein said first calculation device (i) calculates the n-th

measurement position from the GPS measurement data
outputted for the n-th time (n 1s a natural number) by
the GPS device, (11) estimates the n+1-th measurement
position as an estimated position depending on the
self-contained positioning data with using the n-th
measurement position as a standard, (iii) calculates the
n+1-th measurement position from the GPS measure-
ment data outputted for the n+1-th time by the GPS
device, and (iv) performs an error correction based on
the estimated position with respect to the n+1-th mea-
surement position, to thereby calculate the n+1-th cor-
rected measurement position as the current position,
and

said second calculation device (v) calculates the n-th

measurement position from the GPS measurement data
outputted for the n-th time by the GPS device, (vii)
estimates the n+1-th measurement position as an esti-
mated position depending on the GPS measurement

data with using the n-th measurement position as a
standard, (vii) calculates the n+1-th measurement posi-
tion from the GPS measurement data outputted for the
n+1-th time by the GPS device, and (vii1) performs an
error correction based on the estimated position with
respect to the n+1-th measurement position, to thereby
calculate the n+1-th corrected measurement position as
the current position.

10. A hybrnid processing apparatus according to claim 6,
wherein said judgment device does not perform the judg-
ment after elapsing the predetermined period.

11. An on-vehicle navigation system comprising:

(1) a hybrid processing apparatus for outputting current
position data, which indicate a current position of a
movable body on which a self-contained positioning,
device and a GPS device are mounted, on the basis of
self-contained positioning data from the self-contained
positioning device and GPS measurement data from the
GPS device, said apparatus comprising: a judgment
device for judging whether or not an estimated error of
the self-contained positioning data 1s greater than a
predetermined threshold value; a first calculation
device for calculating the current position by combin-
ing the GPS measurement data with the self-contained
positioning data if the estimated error 1s judged not
oreater than the predetermined threshold value; a sec-
ond calculation device for calculating the current posi-
tion from the GPS measurement data without combin-
ing the GPS measurement data with the self-contained
positioning data if the estimated error 1s judged greater
than the predetermined threshold value; and an output
device for outputting the current position calculated 1n
said first or second calculation device as the current
position data which indicate the current position of the
movable body, wherein
said judgement device performs the judgement before
clapsing a predetermined period from a time of
switching on a power of the self-contained position-
ing device, and

if the judgement 1s not performed, the present position
1s calculated by the first calculation device,
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(i1) the self-contained positioning device and the GPS

device, and

(1i1) a display device for displaying the current position

data outputted from said output device on map data in
a predetermined format.

12. A program storage device readable by a computer,
tangibly embodying a program of instructions executable by
the computer to perform method processes of outputting
current position data which indicate a current position of a
movable body, on which a self-contained positioning device
and a GPS device are mounted, on the basis of self-
contained positioning data from the self-contained position-
ing device and GPS measurement data from the GPS device,

said method processes comprising:

a judgment process of judging whether or not an esti-
mated error of the self-contained positioning data 1s
oreater than a predetermined threshold value;

a first calculation process of calculating the current posi-
tion by combining the GPS measurement data with the
self-contained positioning data if the estimated error 1s
judged not greater than the predetermined threshold
value;

a second calculation process of calculating the current
position from the GPS measurement data without com-
bining the GPS measurement data with the seli-
contained positioning data if the estimated error is
judged greater than the predetermined threshold value;
and

an output process of outputting the current position cal-
culated by said first or second calculation process as the
current position data which indicate the current position
of the movable body, wherein

said judgement process performs the judgement before
clapsing a predetermined period from a time of switch-
ing on a power of the self-contained positioning device,
and
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if the judgement 1s not performed, the present position 1s

calculated by the first calculation process.

13. A computer data signal embodied 1n a carrier wave
and representing a series of instructions which cause a
computer to perform method processes of outputting current
position data which indicate a current position of a movable
body, on which a self-contained positioning device and a
GPS device are mounted, on the basis of self-contained
positioning data from the self-contained positioning device

and GPS measurement data from the GPS device,
said method processes comprising:

a judgment process of judging whether or not an esti-
mated error of the self-contained positioning data is
oreater than a predetermined threshold value;

a first calculation process of calculating the current posi-
tion by combining the GPS measurement data with the
self-contained positioning data 1f the estimated error 1s
judged not greater than the predetermined threshold
value;

a second calculation process of calculating the current
position from the GPS measurement data without com-
bining the GPS measurement data with the seli-
contained positioning data if the estimated error is
judged greater than the predetermined threshold value;
and

an output process of outputting the current position cal-
culated by said first or second calculation process as the
current position data which indicate the current position
of the movable body, wherein

sald judgement process performs the judgement before
clapsing a predetermined period from a time of switch-
ing on a power of the self-contained positioning device,
and

if the judgement 1s not performed, the present position 1s
calculated by the first calculation process.



	Front Page
	Drawings
	Specification
	Claims

